Results line 2). Where rays are formed, there are gaps in the alae (data not shown). V5 also generates one or more ectopic rays in sop-2 males ( Figure 1E ). In some cases, sop-2 Maintains the Integrity of Domains of Hox Gene Activity V5 appears to adopt the V6 fate, producing five rays instead of one. Generation of ray cells in the anterior During postembryonic development in C. elegans, Hox genes are normally expressed in serial domains along body region was further demonstrated by means of a pkd-2::gfp reporter gene, which is expressed in one of the body axis, defining the region-specific differentiation patterns within various tissues ( Figure 1A ). In animals two ray neurons (Barr and Sternberg, 1999). In sop-2(bx91) males, pkd-2::gfp is ectopically expressed in the lacking function of the gene sop-2, these expression domains are greatly expanded. A mutation in sop-2, anterior body region (99%, n ϭ 284) ( Figure 1F ). Thus, sop-2(bx91) causes expression of posterior cell fates in bx91, was isolated in a genetic screen involving development of rays in the male tail, described previously (Zhang the anterior body region.
sop-2 males are also 100% penetrant for a variety of and Emmons, 2000) (see Experimental Procedures). The bx91 mutation is recessive and temperature sensitive:
defects in cells derived from the V6 lineage, including ray fusion, missing rays, and ray duplications. In 7% of at 15ЊC, animals have no obvious defects, but, at 25ЊC, they are scrawny and arrest at early larval stages. At sides (n ϭ 306), rays 4, 5, and 6 are duplicated at the expense of rays 2 and 3, thus generating the ray pattern 20ЊC, sop-2 animals are generally long (Lon), uncoordinated (Unc), and male abnormal (Mab) and show homeo-456456, instead of the wild-type V6 ray pattern 23456 ( Figure 1G ). Other, less frequent, kinds of V6 ray duplicatic transformations.
We studied the homeotic transformations in the develtions include the ray patterns 2323456, 23456456, and 223456 (4% total, n ϭ 306). These duplications are conopment of seam and ventral cord cells in detail, since the role of Hox genes in cell fate specification in these cell sistent with anterior to posterior cell fate transformations within the V6 cell lineage. For example, the 456456 types is well characterized. Cell division patterns and differentiation within two bilateral rows of epidermal stem pattern suggests that the fate of V6.pap, which normally gives rise to rays 2 and 3, is transformed into that of cells known as seam cells are specified by the Hox genes mab-5 and egl-5 (ortholog of Drosophila Abdomi-V6.ppp, which normally gives rise to rays 4-6 (Figure 1H ). nal-B). During normal male development, the three mostposterior seam cells, V5, V6, and T, produce nine pairs Homeotic transformations giving rise to anterior ectopic rays and ray duplications are the result of mab-5 of sensory rays ( Figures 1B-1C) . mab-5 is expressed in the V5 and V6 cell lineages and is required for these and egl-5 gene activity. In a sop-2; mab-5 double mutant, development of anterior ectopic rays is almost lineages to generate rays instead of the longitudinal cuticular ridges known as alae, formed by more-anterior completely eliminated (Table 1, (Scr), leads to the formation of rays in mab-5(0) males serotonergic CP neurons are generated (Hunter and Kenyon, 1995 Figure 3A ) (Sze also require the activities of both mab-5 and egl-5. The V6 ray phenotypes of the sop-2; mab-5 and sop-2; egl-5 et al., 2000). In wild-type males, the reporter is expressed in all six CP neurons (n ϭ 23) ( Figure 3A) . In sop-2(bx91) double mutants are identical to those of the corresponding single mutants mab-5 and egl-5 (i.e., absence of V5 males, it is expressed in an average of 2.3 ventral cord cells (Table 1 , line 2), but there is high inter-individual and V6 rays in sop-2; mab-5 mutants and fusion of rays 2-5 in sop-2; egl-5 mutants) (data not shown). Taken variability, ranging from 0 to 10 ( Figure 3B In wild-type, egl-5 is not expressed in the ventral cord, Formation of anterior ectopic rays in sop-2(bx91) and and egl-5 loss-of-function has no effect on the number their dependence on Hox gene activity suggested that of TPH-1::GFP-positive neurons in the ventral cord (data the expression domains of mab-5 and egl-5 are exnot shown). However, in sop-2(bx91); egl-5(n486) double panded into the anterior seam. We therefore examined mutants, the average number of ventral cord neurons the expression patterns of these two genes using reexpressing tph-1::gfp is dramatically increased from 2.3 porter genes. In wild-type early larvae, expression of to 8.2 (range, 7-11) ( Table 1, Outside C. elegans, the protein domain in the Pfam-A database most similar to the SOP-2 domain is the sterile ␣ motif/pointed (SAM/PNT) domain. Although the expectation value in this comparison is not statistically significant (HMM profile search; E ϭ 9), computational predictions of the secondary and tertiary structure of A maximum-likelihood (ML) analysis of the evolutionary history of the SAM domain sequences shown in n ϭ 15) ( Figures 6D and 6E) , raising the possibility that the number of SOP-2 bodies may correlate with DNA
Figure 5B supports the conclusion that there is significant variation in the rates of amino acid substitution content. No expression is detected in the nucleolus.
To determine whether the SAM domain is required for among sites (p Ͻ 10 Ϫ44 ; Figure 5A ), with most of the slowly evolving residues occurring within the five ␣ heliformation of SOP-2 bodies, we introduced a premature stop codon into EM#309 (Trp643 to stop), deleting the ces of the SAM domain and in the loops connecting helices 2-4 ( Figures 5A and 5C-5E ). Among the slowly SAM domain. In animals carrying this sop-2(⌬SAM)::gfp reporter, SOP-2::GFP is distributed uniformly throughevolving sites, three are known to be essential for the structure ( Figure 5A, position 24) 
